11. Sussman ML, Gushman A, Steinberg MF: The roentgenologic diagnosis of right sided enlargement of the heart. N Engl J sented that the prognosis of infants previously reported to have isolated massive CTI is not uniformly poor. Not only did all symptoms resolve in the four infants but overall heart size and the severity of the TI decreased as corroborated by serial right heart volume measurement. Since the course of these infants with severe CTI differs significantly from the experience of others, further consideration should be given both to the management and to the etiology of a seemingly heterogeneous patient group who have been considered to have massive CTI secondary to dysplastic tricuspid leaflets.
Case Material Four neonates, two females and two males, were referred in the first week of life to the Vanderbilt Medical Center Children's Hospital between October 1972 and March 1974 and have been followed from 1.75 to 3.5 years. Maternal pregnancy, labor and deliveries were uncomplicated. One of the neonates required resuscitation (G.H.). Weights of the four neonates at birth ranged from 3.3 to 3.7 kg (mean 3.5 kg). Within 24 hours after birth central cyanosis was evident, and in three of the four neonates there was associated evidence of congestive heart failure. Left ventricular oxygen saturations at the initial catheterization ranged from 30% to 91% (mean 74%).
On admission the cardiovascular examination revealed a harsh systolic murmur along the left sternal border that was graded from I/VI to IV/VI in intensity. There were no third or fourth heart sounds except in one patient (E.S.). Nonpulsatile hepatomegaly, tachycardia, and respiratory distress were present in three of the four infants, and these infants were subsequently digitalized over 24 hours with parenteral digoxin (0.040 mg/kg/24 hr in three doses) and placed on oral digoxin. The digoxin was discontinued at six weeks in two infants (K.H. and G.H.). One infant (E.S.) is currently on maintenance digoxin. No additional therapy was required.
AP and lateral chest X-rays in the four patients revealed marked cardiomegaly as illustrated in figure 1 . Pulmonary vascular markings were normal or diminished. Twelve lead electrocardiograms revealed right atrial enlargement (P wave > 2.5 mm) and right ventricular hypertrophy (qR and/or R > 28 mm in V4R and V,) in the four patients. Two of the infants (E.S. and G.H.) also had suggestive evidence of biventricular hypertrophy as evidenced by a top normal R wave in VB and > 45 mm R and S in the mid-precordial leads. The P-R intervals ranged from 0.08 to 0.12 sec and the maximal QRS duration ranged from 0.04 to 0.08 sec (mean 0.06 sec). One infant (E.S.) had possible right ventricular pre-excitation.
All four infants have been followed from 1.75 to 3.5 years (mean 2.7 yrs). During this period all four infants became acyanotic and asymptomatic. Each has had normal physical and mental development. At the end of the follow-up period, one of the four infants had a normal physical examination and three (K.H., M.S., E.S.) had residual systolic murmurs Grade I-II/VI. The electrocardiograms of two infants (K.H., M.S.) became normal during the follow-up period, and two infants (E.S., G.H.) had persistent evidence of right ventricular hypertrophy (rSR' pattern in V4R and V,). The cardiothoracic ratio on AP chest films reverted to normal in two infants (K.H., G.H.) and decreased in all four ( fig. 2) . The initial C/T ratio ranged from 0.77 to 0.99 with a mean of 0.87 and the follow-up C/T ratios ranged from 0.56 to 0.71 with a mean of 0.61.
Cardiac Catheterization
A total of eight catheterizations provided the hemodynamic data for the four infants. Venous 
Angiocardiography
Biplane cineangiocardiograms of the RA and RV were obtained following contrast injection of sodium and meglumine diatrizoates at 1-1.25 cc/kg. RV injections were made with special care taken to ensure that the catheter holes were well positioned in the body of the RV and that there was no catheter recoil into the RA during the injection. TI was defined as regurgitant contrast appearing in RA during RV injection that occurred with each systole excluding premature beats, according to previously described criteria.'2 6 ). The RVEDV ranged from 45 to 137 ml-/m2 (mean 78 ml/rn2). The RVEDV returned to normal in three of the four infants during the follow-up period and ranged from 40 to 56 ml/m2 (mean 52 ml/m2). The RVEDV of the fourth patient (E.S.) showed a decrease from 357% of normal (137 ml/m2) to 147% of normal (67 ml/m2) (table 2).
As calculated from the volume data, the RVEF ( fig. 7 ) and the RV outputs ( fig. 8) were either normal or increased. The LVEDV was increased in two infants (G.H. = 61 ml/m2 and K.H. = 48 ml/m2) and was normal in the remaining two patients at the initial catheterization (27 and 35 ml/rn2). LVEDV was normal at the time of recatheteri-FIGURE 3. Selected angiocardiographic frame ofa right ventricular cineangiogram ofa patient (M.S.) during thefirst catheterization at two days of age. Left) end-diastolic frame, right) end-systolic frame. right-to-left shunting through a patent ductus (fig. 3) ; two presented angiographic evidence of coarctation of the aorta (table 1, fig. 3 ). Three of the eight patients had undergone surgical atrial septectomy, and one of these, an ineffective pulmonary artery band. All patients at surgery were noted to have evidence of large bronchial collaterals.
Surgical Technique
Placement of the intra-atrial baffle in these patients was similar to that used for corrective operations. High-flow cardiopulmonary bypass (3.3 L/min/m2) was instituted after direct cannulation of the venae cavae, and perfusate temperature was rapidly dropped to the 25-28o C range. This permitted a 50% reduction in flow rate, if necessary, for visualization of the left atrium in the presence of a massive bronchial collateral return. In three patients, profound hypothermia was required (17-20°C) to permit intermittent (10-15 min) intervals of total circulatory interruption in order to obtain a completely clear operative field for the accurate placement of sutures.
Elastic dacron fabric was used to construct the baffle around the cavae, excluding the pulmonary veins. The suture line was brought below the coronary sinus in six patients, diverting this flow into the new pulmonary venous atrium. The two patients (2 and 3) with a large left superior vena cava draining into the coronary sinus, absence of an innominate vein, and left juxtaposition of the atrial appendages (JAA) required special attention. In patient 2 the anterior margin of the baffle was sutured into the base of the septal leaflet of the tricuspid valve and the coronary sinus was fenestrated adjacent to the mitral valve, diverting coronary sinus and left superior vena cava drainage into the systemic venous atrium. In patient 3, because of the JAA and the high position of the entrance of the left superior pulmonary vein, particular care was taken to avoid obstruction to atrial venous inflow; again the coronary sinus was fenestrated, directing coronary sinus and LSVC flow to the new systemic venous atrium, In seven of eight cases, the new pulmonary venous atrium was enlarged with a pericardial patch.
The large patent ductus arteriosus, present in three patients, could not be approached safely through the median sternotomy incision because of tremendous enlargement of the main and the left pulmonary arteries. Consequently, these short friable ducts, each 1.0-1.5 cm in diameter, were approached through a separate left thoracotomy incision prior to the median sternotomy. In the first patient encountered with this anomaly (6) , the PDA was divided, chest closure completed, and the patient returned to the intensive care unit with recatheterization planned prior to the Mustard procedure, 5-7 days later. However, severe hypoxemia and complete ventilator dependence, presumably on account of abolition of a major site of mixing of the systemic and pulmonary circulations, necessitated undertaking the baffle procedure on the third postoperative day. On the basis of this experience, the two subsequent patients with large PDAs underwent division of the PDA and the Mustard baffle operation on the same day. Aortic coarctations, present in two patients, were not resected because the obstruction appeared mild by angiography ( fig. 3 ). In patient 3 the hemodynamically insignificant ductus was closed through the pulmonary artery after instituting cardiac bypass.
Three of the eight patients required reoperation for bleeding within the first 24 hours postoperatively. No specific coagulation defects were identified prior to operation in these three patients, although mild prolongation of both the prothrombin time and activated partial thromboplastin time was present in two of the three. All patients received platelet transfusions and fresh frozen plasma at the those patients with more severe TI both values would be significantly increased.
The three cases described with isolated tricuspid insufficiency had suggestive evidence of altered hemodynamics in utero secondary to tricuspid insufficiency since all manifested marked cardiomegaly and ECG evidence of right ventricular hypertrophy at the first exam within 24 hours of birth. All the cases demonstrated that in the neonate with tricuspid insufficiency, systemic venous return may be partially shunted across the patent foramen ovale resulting in peripheral arterial desaturation. In regard to the clinical presentation, the three neonates with isolated congenital tricuspid insufficiency without displacement presented here do not differ from: (a) Methods Infants and children undergoing cardiac catheterization at Vanderbilt University and having the diagnosis of an isolated ventricular septal defect constitute the study population. Patients with a significant atrial shunt (mixed venous blood to right atrial 02 saturation stepup of >7%), semilunar valvular incompetence, or atrioventricular valvular incompetence were excluded from this study. All data were obtained during diagnostic cardiac catheterization. Patients less than six weeks of age received no premedication, but occasionally were given small doses of morphine (0.05 mg/kg). Patients from six weeks to two years of age were sedated with meperidine, 1 mg/kg, and hydroxyzine, 1 mg/kg i.m., given 30 min before the beginning of the catheterization procedure. Occasionally, additional doses of meperidine of 0.1 to 0.5 mg/kg were required for sedation during the procedure. Patients above two years of age were sedated with Innovar, 0.025 ml/kg, up to a maximum of 1 cc i.m. given 30 min prior to the procedure.
Rarely, additional doses of Innovar of ¼4 to ½/2 of the original dose were required for sedation. Right and left heart pressures were obtained with NIH catheters with zero CIRCULATION
